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INTRODUCTION 
Toxoplasma gondii , the e t io log ica l  agent of toxo- 
plaemosia, was first discovered i n  Ctenodactylus ~ o n d l ,  
a ems11 North African rodent, by Nicolle and Manceaux 
in 1908 (44). Later the asme year Splendore observed 
the organism in a laboratory rabbit (53) .  H u m a n  infec- 
tion was first reported by Janku in 1923 (32). 
Since i ts  discovery, many investigations have 
shown the organism to be t r u l y  unique in the protozoan 
world. There appears to be only one species and only 
one aerotype (12). Serologic and microscopic studies 
reveal Toxoplasma to  have a vast  host  range. At least 
one representative oi virtually every mammalian species 
tested harbored the parasite or ehowed the presence of 
demonstrable antibody. Studies of toxoplasmal infec- 
tion among rnsmmalian populations show that  the preva- 
lence of Infection usually increases: 1 )  in  warm,  
moist climates and 2 )  with age. S e x ,  however, appears 
t o  have l i t t l e  influence on the prevalence of the para- 
site. One most unusual feature of the organism is I t s  
lack of target cell specificity: Toxoplasma I s  am 
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obligate, intracrellular parasite capable of living in 
&ng c e l l  except non-nucleated erythrocytes (12). 
Infection by Toxoplaama is most often confirmed 
serologically, Many procedures have been described; 
however, the Sabin-FeTdman dye t e e t  (50), the indirect 
hemagglutinstion test ( 2 9 ) ,  and the indirect fluores- 
Gent antibody test (16) appear to be superior methods 
for antibody detection. The Indirect fluorescent 
antibody teat was selected for t h i s  atudy because: 
1 )  it does not require the use of live organisms, 
2) it ie relatively easy to perform, and 3) it cor- 
relates well with the standard Sabin-Feldman dye 
tes t  (61 ). 
Thie etudy wae undertaken to determine the role of 
varioue factors on toxoplasmal prevalence in the Greater 
Orlando area, Age, sex, and race were considered for 
each human sample tested. Age, aex, and relative 
degree of outdoor exposure were considered in the atudy 
of each canine and feline sample. 
CHAPTER I1 
LI !jXlUTURE REVIEW 
The parasite -
Toxoplasma trophozoites (feeding forms) are cresent- 
shaped organisme measuring 4 to 8 by 2 to 4 microns (46). 
They contain a clearly visible nucleua and are non- 
motile (46). Multiplication takes place by an internal 
budding process called 'endodyogeny" (25). The tropho- 
zoite I s  extremely del icate and ie k i l l e d  by changes 
in osmotic pressure, drying, freezing, and pepsin (28). 
Inisc tlon occurs when the trophozoitea penetrate 
and multiply In the cytoplasm of a nucleated hoet c e l l ,  
uaually a retlculoendothelial c e l l  (2) .  Infected c e l l s  
become distended and i inal lg  rupture liberating 16 or 
more organisms. Each is capable of invading another 
host cell (2). Hultlplicatfon and spread continue 
until host immunity develops or the hoet dies. 
As humoral and cellular immunity develop, extra- 
cellular parasites are k i l l e d ,  intracellular replica- 
tion l a  elowed down, and the trophozoltee initiate 
the formation of tiseue c y s t s  (2). Each intracellular 
cyst, 100 microns or lees In diameter, contains thou- 
esnds of bradyzoitee (slow-growing forme) (2 ) .  Tissue 
cysts are coplmoaly found in brain, heart, and skeletal 
muacle. Encystment protects the bradyzoites f r o m  the 
hoetts defense mechanisms (2). Theae cys ts  probably 
persist for the life of the host (2). 
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Transmission 
tran~mlasion was from mother to fetus. Congenital 
infection occur8 when organisms enter the fetal circu- 
lation from necrotic placental lesions (12). Frenkel 
(19) has estimated that 3000 babies (one for every 
1000 births) are congenitally Infected each year in 
the United States. Aside from a f e w  exceptional methods 
of spread (47, 49), there i a  no known evidence that 
man acquires iniection from his own species by any 
other route. 
Surveys have shown that the incidence of anti- 
Toxoplasma antibody in the host increases with age; 
a finding not in keeping with a solely congenital 
mechanism of tranemiesion. Blood-sucking arthropods 
became auapect as possible vectors of the disease 
ainoe a parssitemla does occur during the acute stage 
of toxoplasmoeis (28); Investigations to confirm 
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this euspLclon have thus far proven universally unsuc- 
oessrul. 
Trmemiesion following the ingestion of tissue 
oyets has been studied by several investigators. 
Jacobs et ale (30) found that cys t .wal l s  were readily 
destroyed by peptic juices and trypsin. Bradyzoitee, 
however, survived for 2 hours in peptic juices and a t  
least 6 hours in trypsin. Exposure to  d i s t i l l e d  water 
for 3O minutes, heating t o  56 C f o r  15 minutes, freezing, 
and drying were all found t o  render the cysts  noninfec- 
t h e  (30). Two reports have strongly implicated under- 
cooked meat as a source of disease (26, 35). The 
congenital and tissue c y s t  modes of transmission are 
oertainly important; however, they do not explain the 
high rates of infection observed among herbivores. 
Hutchieon (27) reported that feces of experi- 
mentally infected c a t s  were capable of  transmitting 
the infection. H e  speculated that t h i s  hitherto un- 
known infectious form of Toxoplasms (oocyst)  might 
reslde within the egg of the f e l ine  ascarid Toxocara 
o s t i .  Subsequent work disproved any association. -
The infectivity of cat  feces was finally linked to 
the presence of Toxoplasma oocyete (20). These 
ooayete are resistant to acids, alkalies, and oommon 
laboratory detergents but are killed by ammonia, 
brying, or. exposure t o  a temperature of 55 C ( 1  0 ) .  
They were found in the feces of several apeciea of the 
o a t  ismily but never in the feaes of a nonfeline (18). 
Osta nomally bury their fecee; hence, oocysts 
are well protected in moist soil. Dissemination from 
this reaemoir i n  nature could conceivably occur via 
earthworms ( l o ) ,  house flies (57), filth fl ies (57), 
or mollusks (18). The possibility a l s o  exists that 
grazing animals might ingest the oocysts directly. 
Clinical manifestations 
Studies indicate that subclinical toxoplaarnsl 
infections are very common. Clinically evident infec- 
tions, however, are comparatively rare. Concomitant 
infections, extremes of age, exposure, poor nutrition, 
pregnancy, lactation, blood diseases, conoomitant 
malignancy, and immunosuppressive therapy are fad tqrs 
which probably predispose an individual to the develop- 
ment of an actual dlsease state  (2) .  
Congenital toxoplasmoals, first recognized in the 
late 1930ts, oocurs only af ter  an often asymptomatic 
primary maternal infectlon (2). Fetal infection 
follows approximately one-third of all primary maternal 
infection8 with clinical disease occurring in only 
one-third of thoae fetusee infected (2). The 
geetations1 period at which fetal infeation occurs 
dio t s t ea  the fate of the child: infection which begins 
in the first trimester can lead to miscarriage or 
abortion (2). The child infected in the second or 
third trimester often shows no c l in ica l  signs of illness 
st birth (2). Conditions frequently associated w i t h  
oongenital toxoplasmosis include chorioretinltis, 
hydrocephaly or microcephaly, psychornotar retardation, 
and cerebral calcifications ( 13). Bilateral chorio- 
retinitis i s  by far the most common. It haa been 
estimated that between 15% and 35% of all cases of 
ehorioretinitls in the United States are due to  Toxo- 
plasma (28). 
Lymphadenopathy which involves one or multiple 
nodes is the most common manifestation of acquired 
toxoplasmosis (2) .  The upper deep cervical nodes 
are most often affected and the inguinal nodes least 
often (2). The nodes are rarely painful but are fre- 
quently tender (2) .  Symptoms sometimes associated 
w i t h  the lymphadenopathy include fever, anemia, 
anorexia, muscular pain, sore throat, splenomegaly, 
and hepatomegaly (28). The acquired form of toxo- 
plaemosis rarely progresses into a fatal fulminating 
Illness (28). Atypical pneumonitis, myocarditis, 
myositls, hepatitis, ahd encephalomyelltle are 
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ooceeionally noted. Acquired toxoplasmosl~ l a  some- 
t b e s  .ooniused with Hodgkints disease and infectious 
~~ononucleoais. The Paul-Bunnell t e a t ,  however, i s  
alwsye negative (2) .  
Laboratory diamoais 
Toxop1asma.l infection can be confirmed by: 1 ) 
isolation of the organism, 2) microscopic examination 
of tissue sections or amears, and 3 )  serological  
procedures (46).  Because of many oomplexities as- 
sociated with the first two, a eerological diagnosis 
l a  moet often employed. 
Several eerological procedures have been described. 
A l l  presumably detect  responses to the same family 
of antigens (12). 
The Sabin-Feldman dye test, first described i n  
1948 (50)s i a  a specific and sensitive syetem f o r  
measuring toxoplaamal antibody and is considered the 
standard serologio test upon which all others are 
evaluated. The inability of live toxoplasmas to re- 
tain a methylene blue stain following exposure to dye 
t e a t  antibodies and a complement-like ''accessory 
factor" i s  Indicative of a positive reaction. Dye 
t e s t  antibodies can appear 10 days after infection 
and may persist for  30 years (38). The need f o r  l i v e  
organisms and madg supplies of acoeseory factor de- 
tract somewhat f r o m  the uaefuhees of this procedure. 
The complement-fixation t e a t  I s  probably as 
apeoific but much less sensitive than the dye test (46); 
Complement-fixing antibodiee can appear 14 days after 
infection and may persist for  4 years (38). A maJor 
advantage of this procedure is that live parasites 
are not needed. 
The indirect hemagglutination t e s t  (29  ) was first 
described in 1957. It offers the advantages of 
economy, speed, simplicity, and uses a nonviable 
organism (12). The major disadvantage is the care 
required in antigen preparation (12), Indirect hemag- 
glutlnating antibodies can appear 14 days after infec- 
tion and may persist for  30 years (38). 
A direct agglutination teat using nonviable para- 
ei tee  was described in 1959 (21). It has not, however, 
gained wide acceptance as a diagnostic tool. 
A fluorescence inhibition test (24) and several 
Indirect fluorescent antibody proce'dures (5, 6, 16, 36, 
54, 61) have been described. The indirect fluorescent 
antibody test i a  sensitive,  doee not require live 
parasites or accessory factor, and correlate0 well 
with the dye t e a t  (5, 6,  37, 61 ). A statistical 
evaluation of internal reproducibility of t i t ere  In 
the indirect fluorescent antibody t e a t  showed that 
day-to-day mproducibility was 98% withfn limits of 
plua or minus one four-fold dilution (54). The anti- 
bodies detected by t h i s  t e s t  can appear 10 days after 
iniection and may persist for 30 years (38). 
Toxoplasma skin t e s t s  have been used by some in- 
vestigators. Positive reactions were of the delayed 
tubemulin type ( 1  2). Feldman ( 1  2 )  considered false- 
negative reactions to be far too  frequent for  the t e s t  
t o  be of any real value, 
Treatment 
Sulphonamides (sulfadiazine and sulfamerazine), 
pyrimethamine (Daraprirn), tetracyclines, an8 splra- 
myoln are all effective in the treatment of active 
toxoplasmosis (46). Usually a combination of sulfa- 
diazine and pyrimethamine is employed. The two drugs 
s o t  synergistically against Toxoplasma (46). The 
aulphonamides are thought to inhibit folic acid 
eynthesie while pyrimethamine is an antifolic agent 
(46). Chemotherapy is used t o  suppress proliferation 
of the trophozoites unti l  immunity is acquired (46). 
It is doubtful whether such treatment has any affect 
On ti88~8 cysts  (46). 
Toxoplsaaroeis is not a reportable disease hence 
a reliable measure of l t a  incidence 18 not  available. 
Warren and Dingle (62) followed 203 people f o r  10 
years. During this t i m e  four subjects between 10 and , 
40 years of age became seropositive. Lamb and Feldman 
(42) followed 189 people for 4 years. During the 
crtudy three subjects between 2 and 17 years of age 
~em~onverted.  
The prevalence o f  toxoplaarnal infect ion as de- 
tected by eerologlc and skin tests has been studied 
throughout the world. Human prevalence varies from 
a reported 0% in Eskimos (14) to 94% in a sampling 
of Guatemalan lowland residents (22 ) . Prevalence 
among wild and domesticated animals i a  likewise 
extremely variable. Feldman (13) feels such evidence 
indicates that  prevalence varies from place to place 
for  mainly undetermined reaeons. 
CHAPTER I11 
MATERIALS AND METHODS 
Parasite propagation 
The RH strain of Toxoglasma fiondii (courtesy of 
Dr. Kenneth Walls, Center for  Disease Control, A t l a n t a ,  
Georgia) and the BALB etrain of mice (International 
Biological Supplies, Inc., Melbourne, Flor ida)  were 
used throughout thia  study. The o~gaaism was passed 
at  3 to  4 day intervals by harvesting 0.5 ml of peri- 
toneal exudate from two to three infected mice. The 
exudate was diluted 1 :20 '(v/v) in 0.85$ (w/v) saline 
and 0.2 ml injected intraperitoneallg i n t o  each of 
three uninfected adult mice of either sex.  
%&tigen e l i d e  preparation 
Antigen slides were prepared as described by the 
U.8. Department of Health, Education, and Welfare (55) .  
One-half t o  t ml of peritoneal exudate was collected 
f r o m  mice f days after infection, diluted in 9 ml of 
1% (v/v) formalin-PBS (~hosphate-buffered saline),  
pH 7.6, and incubated at room temperature (23-25 C )  
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for 30 minutes. The swpension wae then centrifuged 
at  10 X g for 10 minutes. The supernatant was cox- 
leoted and recentrifuged at 550 X g for 5 minutes. 
This   lug ern at ant was discarded and the sediment re- 
euspended in 10 ml of 0.01 M PB9, pH 7.6. The para- 
sitee were repelleted, the supernatant discarded, and 
the sediment resuspended in 10 ml of PBS, pH 7.6, 
The organisms were washed twice and reauspended in 
r aufflcient volume af PBS, pH 7.6, to yield 100-150 
parasites per high-dry (400~) field. One small drop 
(from a 25 gauge needle) of t h i s  f inal  dilution was 
placed in each of eight cimlea (4-5 mm In diameter) 
on etandard 25 x 75 mm frosted end microscope slides, 
The elides were air dryed at room temperature and 
stored dessicated at -20 C .  
Preparation of anti-human, doe, 
p)tJ c a t  ~lobulin - eera 
Commerically prepared (Cohn Fraction 11) human 
gamma globulins (Sigma Chemical Company, St. Louis, 
Miseouri) and dog gamma globulins (ICLQ Pharmaceuticals, 
Ino,, Cleveland, 0hio) were utilized for immunization. 
Cat gamma globulins were prepared as follows: 10 ml 
of eerum (from an adult, female c a t )  were added to 
6.6 la1 of saturated ammonium sulfate. A l t e r  stirring 
for 3O ininutee at 25 C, the mixture was centrifuged 
at 1000 X g tor 3O minutes at 20 C, The supernatant 
was disoarded and the pellet resuspended In 16.6 ml 
of saturated ammonium eulfate followed by centrifu- 
gation st 1000 X g for 30 minutes at 20 C. The 
supernatant wae discarded and the pellet dissolved 
In  I )  m l  of 0.01 M PBS, pH 7.2. Exoeae smmonlum sulfate 
was removed uaing a Sephadex 0-25 column (49.5 x 4 em, 
Ace Glass, Inc . , Vineland, N e w  Jersey ) . The eluent 
was PBS, pH 7.2. Eluates containing the globulin 
were pooled and concentrated via Amicon ultrafiltration 
uefng a 50 UN f i l ter  at 4 C under nitrogen at s pressure 
of 25 lb/in2. Concentration was stopped when the 
protein mixture contained approximately 20 mg of 
globulin per milliliter as determined by absorbance 
at 280 MI (4). One milliliter aliquot8 were stored in 
small, screw-capped v ia l s  at -40 C. 
Six adult New Zealand White male rabbits were 
injected with the globulin preparations described 
above: two with human globulin, two with dog globulin, 
and two w i t h  cat globulin. Antigens were inJected 
intravenously in 20 mg doses at 0 ,  7, and 28 days. 
Ten days after the find inJectlon, 25 ml of whole 
blood waa collected from each rabbit via ear vein 
laceration. 
Fluo~escent tagging - of - anti-human -8 
and c a t  plobulln sera doR~ -- 7
A 5 ml aliquot of aerum from each rabbit was tag- 
ged with Fluorescein fsothiocgsnate (FITC) according 
t o  the procedure of Cslcagno et al. (4). Each aliquot 
was treated in the following manner: 
The globulins were precipitated and ammonium 
sulfate removed as previously described, The pooled 
globulin eluate was concentrated t o  twice the i n i t i a l  
volllple of serum. 
The globulin concentration in each sample was 
measured spectrophotometrically at 280 MI. An 
absorbance of 1.24 corresponds to 1 mg of globulin 
per milliliter (4). One molar carbonate-bicarbonate 
buffer, pH 9.5, was added i n  a ratio of 1:10 and the 
resultant mixture placed in a amall ,  foil-wrapped, 
f la t  bottomed beaker. Sixteen milligrams of FITC 
(p~?eviouely dissolved in 0.1 ml of acetone) per gram 
of globulin were then added. The mixture was stirred 
and the reaction allowed to proceed for 20 hours at 
4 C followed by passage through a Sephadex G25 column 
st3 previously described. Elution was with PB3, pH 7.2. 
Eluates containing the tagged globulin were pooled and 
concentrated to 10 ml -via Amioon ultraflltratlon as 
preoioualy described. 
Diethylaminoethyl Cellulose (DEAE) was equilibrated 
In 0.01 W sodium phosphate buffer, pH 7.5. F i f t y  grams 
of OEAE (wet weight) were combined with 10 ml of tagged 
globulin. The mixture was stirred . for 10 minutes and 
tben centrifuged at 1500 X g for 10 minutes at 4 C. 
The supernatant was removed and the p e l l e t  resuspended 
in aodium phosphate buffer containing 0.1 M sodium 
ohloride ( 1  ml of buffer per gram of DEAE). The 
mixture was again stirred and centrifuged as described 
above, the supermatant removed, and the p e l l e t  resus- 
pended in sodium phosphate buffer containing 0.1 N 
eodiura chloride. Following stirring and centrifugation 
the supernatant was removed and the above procedure 
repeated twioe with sodium phosphate buffer containing 
0.2 M oodlum chloride. The five resultant supernatants 
were pooled and filtered through a f ine  pore slntered 
porcelain filter to remove residual DEAE. The filtrate 
was concentrated v i a  Amicon ul traf i l t rat ion  to  5 m l ,  
diluted to 50 ml with PBS, pH 7.2, and reconcentrated 
to 7 ml. Each 7 ml sample was divided into 0.5 ml 
portions and stored i n  small, screw-capped v ia l s  at 
-40 C. 
17 
Determination -- of' the specif icity -- of the canLup;ates 
Absorption and blocking t e s t s  ( 1  6) were performed 
on each sample t o  determine the specificity of the 
tag@ antisera. 
Absorption - t e s t  
A conjugate dilution of l :5  was made f r o m  a 1% 
(w/v) solution (In PBS, pH 7.6) of Evana blue dye and 
PBS, pH 7.6. The final concentration of the Evans blue 
waa 0.2% (v/v). ~ i v e  drops of the diluted conjugate 
were added to each of three s m a l l  test tubes, the 
first containing 10 mg o f  the appropriate globulin 
(depending on the epecies to which the conjugate was 
directed) in 0.1 ml PBS, pH 7.6, the second containing 
10  mg of the appropriate albumin in 0.1 ml PBS, pH 7.6, 
and the third containing 0.1 ml PBS, pH 7.6, After 
absorption for 1 hour at 37 C, one drop of each was 
added t o  a separate antigen smear previously incubated 
for 30 minutee at 37 C with a 1:8 dilution of a known 
posit ive anti-Toxoplasma serum. After 30 minutes at 
37 C, each emear was examined under the high-dry 
objective (40~) of a Zeiss standard RA fluorescent 
miaroecope (darkfield) equipped with BCI-12 exci ter  
and OQ-1 ocular fllters. The l ight  source was a 
HBO 200 ~ / 4  super pressure mercury lamp. 
Blocking - test 
Three antigen emesrs were incubated with a t:8 
Bilution of a known positkve anti-Toxoplaama serum for 
30 minutes at 37 C. The first smear was then incubated 
with an undiluted drop of the appropriate untagged 
, 
anti-species globulin for 30 minutea at 37 C, the 
recond with an undiluted drop of non-immune rabbit 
serum, and the third with a drop of PBS, pH 7.6. 
A small drop of the aforementioned 1:5 conjugate 
dilution was f inal ly  added t o  each smear fallowed 
br 30 minutes incubation at 37 C. Each smear was then 
examined f o r  the presence of fluorescence around the 
entire periphery of each parasite, 
Titration > - -  of the conjugates 
The highest dilution of each conJugate which 
produced the accepted titers for control sera was used 
throughout the study. Conjugate titrations were 
basloally performed se described by the U.S. Depart- 
ment of Health, Education, and Welfare (55). 
Two-fold dilutions (PBS, pH 7.6) of Bnown positive 
antt-Toxoplaema sera, one each of low and high titer, 
and a known negative eemrm were made with varioua 
resultant dilutions being added to aeparate antigen 
-ears. The positive sera were tested at four 
dilution8 beginning one two-fold dllution below their  
expected titer and continuing through two two-fold 
dilutions above their expected titer. The negative 
serum was tested at dilution8 of 1 :4 and 1 : 16. After 
incubation for  30 minutes at 37 C, test dilutions of 
the conjugate were added t o  each s e t  of control smears, 
one to a set. Each conjugate dilution was made from 
a 1% (w/v) aolution (in PBS, pH 7-6) of Evana blue dye 
md PB9, pH 7.6. The final concentration of the Evans 
blue was 0.2% (v/v). Af'ter 30 minutes at 37 C, each 
ae t  of control smears wa8 examined for  the presence 
of fluorescence around the entire periphery of each 
parasite. 
CollectZon of test sera 
Human serum samples were obtained from Orange 
Memorial Hospital, Orlando, and human whole blood 
samples from student volunteers at Florida Technological 
University. Age, s e x ,  and race were recorded fo r  all 
human subjects. Dog and c a t  whole blood samples were 
obtained from several veterinary clinics in the Water 
Orlando area. Age, sex, and relative degree of outdoor 
exposure ( L e e ,  house or f i e l d  p e t )  were recorded for  
a l l  canine end fe l ine  samples. No t e s t  sera were 
submitted specifically because the subject was 
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ruspected of having toxoplosmosia. A l l  sera were held 
at -40 C. 
The indirect fluorescent antibody -
t e s t  f o r  toxoplasmosie --
The procedure recommended by the V.S. ~ e ~ a r t m e n t  
o f  Health, Eduoation, end Welfare (55) was used through- 
out thia study. 
Antigen el ides  were removed from the freezer and 
allowed t o  thaw at mom temperature. They were washed 
in d i s t i l l e d  water, permitted to air  dry, and placed 
on moiet paper towela in a shallow pan. Doubling 
dilutions in PBS, pH 7.6, of the previously mentioned 
oontrol sera were made using an 0.05 ml Microtiter 
diluter (Cooke Laboratory Products, Alexandria, 
Virginia). Each test serum was likewise diluted to a 
ifnarl di lut ion of 1 : 1024. Four dilutione of each 
poeitive control serum beginning one two-fold dilution 
below the expected titer and continuing through two 
two-fold dilut ions above the expected t i t e r  were added 
t o  control slides. The negative control serum was 
tested at dilutions of 1 :4 and 1 : 16. In addition, two 
drops of PBS, pH 7.6, were added t o  separate antigen 
smears. Unknown sera were tested at dilutions of 1:16, 
1 r 64, 1 : 256, snd 1 : 1024. The pan containing the elides 
was covered with rluminum roil end incubated for  3O 
minutea at 37 C. Each s l i d e  was rinsed in distilled 
water, washed three times in one beaker of PBS, pH 7.6, 
rad permitted to air dry. After returning the slides t d  
the moist towels, each smear was covered with the 
optimal dilution of conjugate and re-incubated for 
30 minutea at 37 C. The e l ides  were f i n a l l y  rinsed in 
die t i l l ed  water, washed three times in one beaker of 
PBS, pH 7.6, one time in d i s t i l l e d  water, and permitted 
t o  air dry. Three small drops of buffered glycerol, 
pH 9.0, were added t o  each s l i d e  aad a coverslip super- 
imposed. Apple green fluorescence around the entire 
periphery of each parasite at s 1:16 t e a t  dilution was 
considered indicative of s positive serum provided the 
oontrols had iunctioned properly. - 
The Chi square method was used as the t e s t  for 
statiaticsl eignlficance throughout this study. 
CHAPTER IV 
RESULTS 
Absorption - and blockinq - tests 
Abeorption and blooking teeto were performed on 
each tagged antieerum to determine their specificity. 
Fluorescence around the entire periphery of each 
parasite wae observed on all meare incubated with 
albumin-absorbed or PBS-absorbed conjugates but not 
on smears inoubated with globulin-absorbed conjugates. 
Fluorescence around the entire periphery of each para- 
site was likewise observed on all smears incubated 
with non-immune rabbit sermm or PBS but not on emears 
Incubated with the appropriate untagged anti-species 
globulin. Thus each tagged antisemam was spec i f i c  
for  i t s  holpologous antigen. 
The indirect  fluoresoent antlbodg. -
t e a t  for toxoplasmosis --
Hams 
Thirty-one (25%) of 124 subjeate had serologic 
evidence of lnieotion (.Table 1 ) .- Twenty-eight (90.3%) 
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Table 1. A comparison o f  Toxoplama antibody prevalence 
with age, sex, and race among humans In the 
Greater Orlando area 
Age ( years ) 
Poa l t l ve  Serum antibody titers* 
Sex No 
Tested 




Male 57 1 1  19.3 
Fenale 67 20 29.9. 
Caucasian 100 26 26 
24 5 20.8 Negro 
Total 124 31 25 93 18 10 3 
Percentage dietri. of titers 75 14.5 8.1 2.4 
*R@clprocal of f ina l  serum dilution yielding s 
positive reaction using the IFA t ea t .  
of the seropositive individuals had titere in the low 
range (1:16 to  1:64) and 3 (9.7%) had titers in the 
high range (1:256 and greater). Subjects in the 30-39 
year old age group had the highest rate of infection 
(41 .'is). Eleven (19.3%) of 57 males and 20 (29.9%) 
of 67 females were positive. This difference was not 
crignificant (p  greater than .05). Twenty-six (26%) 
o f  100 Caucasians and 5 (20.8%) of 24 Negroes showed 
avldence of infection. The difference was not  aignii-  
%cant (p  greater than .05). 
An analyois of the data by race and sex as related 
t o  sge indicates 8 (17.4%) of 46 Caucasian males 
 able 2 ) ,  18 (33.38) of 54 Caucasian females fe able 
3) ,  3 (27.3%) of 1 1  Negro males (Table 4), and 2 
( 1  5.4%) of 13 Negro females (Table 5) were sero- 
logically positive. A statistical comparison of these 
groups by race or aex revealed no significant differ- 
ences (p greater than .05). 
Dogs 
Sixteen (31.4%) of 51 samples were serologically 
positive (Table 6). Thirteen (81.3%) of the sero- 
positive dogs had titere in the low range (1:16 t o  
1:64) and 3 (18.8$) had titers in the high range 
(1:256 and greater). The percentage o f  seropositive. 
dogs increaeed in each succeseive age group excluding 
Table 2. A cornparlaan of Taxoplaems antibody prevalence 
with see among human Caucasian males in the 
Greater Orlando area 
Positive Serum antibody t i t e r a *  
Bge No. 
(yeare) Teeted 




of tf tsrs 
*Reciprocal of f ina l  serum dilution yteldlng a 
poaitive reaction using the IFA test. 
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Table 3. A oolnpsriaon or Toxoplasma antibody prevalence 
wtth age emow human Caucasian females in the 
Oreater Orlando area 
Posritlve Serwn antibody titers* 
bBe No. ' 
(years) Tested 






*Reciprocal of f inal  serum dilution .yielding a 
positive reaction, using the IFA tes t .  
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Table 4. A compsriaon of Toxoplasma antibody prevalence 
wgth age among human Negro males in the 
Greater Orlando area 
Positive Serum antibody titera* 
A68 No. 
(years) Tested , 





- - - 
+Reciprocal of f i n a l  serum dilution yielding a 
p 0 8 i t l ~ e  reaction ueing the IFA tes t .  
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Table 5, A comparison of Toxoplasma antibody prevalence 
with age among human Negro females in the 
Oreater Orlando area 
Poraitfve Serum antibody titers* 
bge No. 
(years ) Teated 





- - - - - - - - 
*Reoiprocal of f inal  serum dilution yielding a 
positive reaction using the IFA t e s t .  
Table 6. A coaparieon of Toxoplasma antibody prevalence 
with age, sex,  and degree of outdoor exposure 
urong dogs in the Greater Orlando area 
Age ( year8 ) 
Post t i ve  Serum antibody titers+* 
Sex No. 
Tested 





Total 51 16 31.4- 35 . 12 1 3  
Percentage distri. of titers 68.6 23.5 2 5.9 
*Refers t o  degree of outdoor exposure. 
HReclprocal of f inal  serum dilution yielding a 
positive reaction using the IFA test. 
the three dogs which were older than 8 years. Five 
(18.5$) of 27 malea and 1 1  (45,8%) of 24 bitches gave 
positive t e s t  results. This difference was eignificant 
(p less than .05). Nine (47.4%) of 19 f i e l d  pets and 
7 (21.9%) of 32 house p e t s  were positive. The differ- 
ence was not significant (p  greeter than .05). 
A n  analysis of the  data by degree of outdoor 
exposure and sex as related to age indicates 4 (30.88) 
of 13 f i e l d  malee ma able 7), 5 (83.3%) of 6 f i e l d  
bitches  a able 8),  1 (7,1$) of 14 house males (Table 9), 
and 6 (33.35) of 18 houee bitchee (Table 10) were 
serologically positive. A s t a t i s t i c a l  comparison of' 
these groups by degree o f  outdoor exposure or sex 
revealed significant differences between: 1 )  field 
males and house males and 2) field bitches and f i e l d  
males (p less than .05). 
C a t s  -
Pour (25%) o f  1 6 asmples were positive  a able 1 1 ) . 
Three (75%) of the seropositive c a t s  had a titer of 
1:16 end the other (25%) a titer of 1:256. Three 
(23.1%) of 13 males and 1 (33.3%) of 3 females gave 
I 
positive . tea t  results. The difference was not aignif -  
l o a n t  (p  greater than .05). The three seropositive 
males were young c a t s  (0-2 years o f  age) while the 
Table 7. A earnparison of Toxoplaams antibody prevalence 
w l t h  age among canine field males in the 
Greater Orlando area 





+Reciprocal of f ina l  aermm dilution yielding a 
positive reaction using the IFA t ea t .  
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Table 8. A comparison of Toxoplaelna antibody prevalence 
with age among canine f i e l d  bitches in the 
Orcrater Orlando area 
Positive Senun antibody titers* 
M e  No. 
(yeara) Tested 
No. % Neg. 16 64 256 
Total 




*Reciprocal of final serum dilution yielding a 
posit ive reaction using the IFA t e s t .  
Table 9. A comparison of Toxoplasma antibody preva-lence 
with age among canine house males in the 
Gmater Orlando area 
f o a l t i v e  Serum antibody titers* 
Mo. 
Tested 





+Reciprocal of f ina l  serum dilution yie ld ing  a 
positive reaction using the IFA test. 
Table 10. A comparison of Toxoplaame antibody prevalence 
with age among canine houae bitcbee in the 
Wester Orlando area 
Pos i t ive  Semun antibody titers* 
A&% No 
(years) Tested 





*Reciprocal of f inal  eerum dilution yielding a 
poaitive reaction uaing the IFA t e s t .  
Table 11. A comparison of Toxoplaama antibody prevalence 
with age, sex,  and degree of outdoor exposure 
among cats in the Greater Orlando area 
&e ( years 
Posi t ive  Semun antibody titers*+ 
Sex NO. 
Tested 
Exposure* NO. k Neg. 16 64 256 
Male 
F i e l d  
House 




+Refers t o  degree of outdoor exposure. 
**Reciprocal of f inal  semun dilution yie ld ing  a 
positive reaction using the IFA tea t .  
mingle seropositive iernue wae older (2-4 years 
of age) as indicated in Tablea 12 and 13, respec- 
tively. 811 of the cats were house pets.  
Table 12. A comparison of Toxoplasma antibody prevalence 
w i t h  age among feline house males In the 
(treater Orlando area 
Pos i t ive  Serum antibody titers* 
&e No 
(years) Tested 
No. % Neg, 16 64 256 





*Reolprocal of final 8%- dilution yielding a 
positive reaction using the IFA t e a t .  
Tale 13. A oompariaon o f  Toxoplasma antibody prevalence 
w f t h  age among feline house females in  the 
Qreater Orlando area 
P o a i t f  ve Serum antibody titers* 
Age No. 
(years) Tested 






*Reciprocal of f i n a l  serum dilution yielding a 
posi t ive  reaction using the IFA t e s t .  
Virtually every serological t e s t  described for  
Tomplasma has been used for  prevalence studies. The 
sensitivity and/or variability differ f o r  each test 
adding uaknown factors when comparisons are made. 
Reproducibility of results from laboratory to laboratory 
as well as f r o m  technician t o  technician does not 
approach 100% even under optimal oonditions, Differ- 
ences in sampling techniques can add another unknown 
factor to a comparison. Some studies t e s t  a randomly 
eelected portion of a population while others (including 
th is  one) t e s t  a l l  willing partioipants. The lowest 
titer used t o  denote a positive semun adds yet another 
variable. It is now generally accepted that a serum 
must titer to at leaet 1:16 to be considered positive 
in the dye test, indirect hemagglutination test, or 
indirect fluorescent antibody test. Prevalence studies 
were published, however, before this standardization 
wae adopted. Titer~  of 1 :256 are canaidered to indicate 
the possibility of recent infection and titers of 1:1024 
are conaidered atmngly rauggestive of recent or preaent 
Infection (38 ) .  !Phe difficulties encountered in 
oomparing results f r o m  several prevalence studies are 
apparent due t o  the large number of variables. 
A hum infection rate of 25% wae demonatrated 
in t h i s  study. A higher human prevalence might have 
been expected if a w a r n ,  moist climate enhances infec- 
tion by the parasite. Within the United States the 
prevalence.of infection varies f r o m  4% among the Navajo 
Indians of Arizona (14) t o  44% in Hew York (34). 
Walls et el. (60), in testing eera from U.S. military 
reormite, found that the prevalence of reactive titers 
l a  highest east of the Mississippi River. It decreases 
weaterly reaching a minimum in the Rocky Mountain area 
snd then increases again on the Weet Coast. Surveys 
of Central and South American countries have shown 
infection to be very common. Infection rates of 94%, 
88.5P9 and 52% have been demonstrated in Guatemala ( 2 2 ) ,  
Costa Rice (22), and Brazil (41 ), respectively. This 
etudy surveyed 124 humans. Test subjects were not 
queetioned concerning the length of t i m e  spent in this 
area. The recent development of? many leisure attraction8 
in the Wester Orlando area (moat notably Dieney world) 
has increased the flow of people into the area and it 
i s  therefore conceivable that  the population tested 
did not provide an accurate representation of toxo- 
plasmal ln f  ection in t h i s  vicinity. 
Toxoplasmal antib0dy.i~ usually iound with greater 
fmquency among o l d  as compared to young people. The 
proposed reason for this observation is t h i s :  the 
longer the time since birth, the greater is the chance 
o f  having been exposed to the parasite, Most studies 
attempting to compare prevalence with age have demon- 
etrated some degree of correlation. One exception is 
that reported by Cornstock and GeLnley (7). They found 
no significant dif ierence between the frequency of 
antibody and age; however, a l l  subjects were over 30 
years old. There appears to be no real difference by 
age In this study excluding the very young and very 
old. 
The sex of' an individual is thought to play an 
insignificant role in determining the prevalence of 
Infection. Virtually every etudy including the present 
one lends support t o  th i s  contention, The three 
significant titers (1:256) a11 originated from female 
sera, 
The race (Caucaeian versus ~ e g r o )  of an Individual 
ie a factor rarely considered in relation t o  toxoplasmal 
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prevalence. Southern (52) noted that sera from Negro 
remales was more often pos i t ive  than sera f r o m  Caucasian 
females. No difference was observed, however, between 
Negro and Caucasian males in hi8 sslaple of Dallas, 
Texas reeidents. Negro males had a significantly 
higher infection rate than did Caucasian males in s 
population of U.S. military reomtits ( 6 0 ) .  Feldman 
( l l ) ,  however, found no difference between whites and 
nonwhites in another group of U.S. military recruits. 
Caution must be used in aeseeaing the r o l e  of race in 
determining toxoplasmal prevalence irr this area. 
Rseults of the present investigation indicate race 
probably plays l i t t l e  role, The three significant 
titers (1:256) a l l  originated from Caucasian sera. 
The prevalence o f  toxoplesmal antibody among 
canine populations haa been studied by a number of 
investigators, Diff icult ies  encountered in comparing 
results have been previously discussed. 
Approximately 31% of the dogs tested in th i s  study 
were seropositive. Within the United States the preva- 
lence of sempoalt ive dogs ranges from 15.9% in 
Tenneseee (23) t o  59% in Pennsylvania (14) and New 
York (43 ) , European canine populations also - have 
substantial Infection rates: 42.5$, 42.5$, and 44.5% 
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of the t e s t  subjects from London (40), Denmark (64), 
and Norway ( 3 ) ,  respectively, were seropositive. Work 
(64) has presented a tabular review of many canine 
etudies. The participating vetsrinarisne indicated 
moet of the dogs eurveyed i n  t h i s  study were lifelong 
reatdents of the Greater Orlando area. Judging from 
the results of  other canine studies, a somewhat higher 
prevalence of infection might have been expected i f  
climate playa a major role in toxoplasmsl prevalence. 
The increased frequency of infection in dogs 
noted with age haa been explained in two ways: 1 ) the 
longer the time since bir th ,  the greater I s  the chance 
of having been exposed t o  the parasite and 2 )  young 
dogs are very susceptible to  a fulminating form of 
toxoplaemoais; consequently, young dogs that are 
in fected  often d i e  and are not available for serological 
studies. Two of the three dogs exhibiting a titer of 
1:256 ( indicating the possibility of recent Infection) 
were under 2 years of age. The resulta of this inves- 
tigation reveal an increased prevalence of toxoplasmal 
antibody with age excluding the three oldest animals. 
Sex is thought to  play an insignificant role i n  
determining the rate of infection among dogs. The 
reeults of th ie  study, however, indicate a eigniiicantly 
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higher infection rate among bitches. Kuil (39) observed 
the same trend. Bitches that were outdoor animals 
(field p e t s )  had 8 significantly greater infection rate 
than dld f'ield males in t h i s  study. No significant 
difference was observed, however, between bitches that 
were houee pets as compared t o  male house pets.  Two 
o f  the three dogs w i t h  significant titers (1:256) were 
femalee. The reason for the difference between sexee 
I s  not readily explainable. 
From what i s  known about toxoplasnal transmission, 
it seems plausible that dogs allowed t o  roam outdoors 
( f i e l d  pe t s )  f o r  extended periods of' time are predis- 
posed to the acqui e l  tion o f  infection. Toxoplasmal 
infection could result following the oapture and in- 
gestion of an infected animal or ingestion of fecal 
cysts  (oocysts ). Veterinarians were aaked t o  decide 
the group (house or f i e l d  pet) i n t o  which each sampled 
animal should be placed. The results indicate that 
f i e l d  pets are more frequently infected than house 
pets although the difference was not eignificant.  
F ie ld  males were more commonly infected than house 
males st a significant level while the difference 
between f i e l d  bitches and houee bitches was not eig- 
nificant. Two of the three dogs with significant 
titere (1:256) were f i e l d  pete. 
Relating the degree of outdoor exposure t o  preve- 
lenoe i a  not a common practice. It was done, however, 
in a feline prevalence study. Dubey (9) observed that 
37.5% of adult domiciled c a t s  were. aeropoaitive compared 
to 57.9% of' adult stray cats, Many canine studies 
eumey ~ t ~ a y  dogs (i.e., from pounds, etc.) or lab- 
oratory dogs. Stray dogs would have been classified 
88 f i e l d  peta in t h i s  study. Approximately 47% of the 
f i e l d  dogs tested were seropositive and these results 
correlate better with those obtained by same investi- 
gators. Thie caul8 explain in part why the overall 
rate of infection observed in t h i s  study was somewhat 
lower than the rate reported by others. 
The results of t h i s  survey indicate that the 
prevalence of toxoplasmal infection is greatest among 
bitches classified as outdoor pets. In addition, 
seropositivity appears t o  be related t o  age. 
The population o f  c a t s  surveyed was too small to 
draw meaningful conclusions. No significant difference 
was observed between the rate of infectkon i n  males 
and females; however, only three females were tested. 
No f i e l d  pete were tested; however, many c a t s  that 
spend much time within a home are still allowed to 
roam unattended for ehort periods of time. A s t r i c t  
oompariaon of field and house pets ,  therefore, would 
have been questionable. Within the United Sta tes  
felZne infection rates vary from approximately 15% in 
Hawaii (58) and California ( 1 )  t o  64.2% in Tennessee 
( 3 3  European f e l i n e  populations have substantial 
infection rates: 62.5% and 64% of cats from Denmark 
(64) and London (8), reepectively, were seropositive. 
In addition, 44% of 90 cats from Tokyo (63) and 81% 
oi 27 cats  f r o m  the Caroline Islands (59) were positive 
reactors. An increaeed prevalence of toxoplasmal anti- 
body with age has been reported by moat investigators. 
Sex appears to play no role in prevalence as was the 
caee In this  study. Toxoplasma is known to undergo 
a sexual cycle In c a t s  with the subsequent excretion 
of oocysts in cat feces. This has prompted many 
inveetigators t o  consider the feline as a source of 
human infection. Wallace (56) and Wallace et al. 
( 5 9 )  prseented convincing evidence that exposure to 
cats  was a major determining factor in  the acquisition 
o f  a toxoplasmal iniec tion. A 1  though less convincing, 
other investigators have dram the same conclusion 
(45). S t i l l  others, however, have dieclaimed any 
asaooiation (7, 15, 48). Since other domestic animal8 
are susceptible to toxoplaemal infectlane, their role 
in human tranemlaaion has been questioned. Some lnvea- 
tigators have correlated animal contact In general with 
human prevalence (48, 51) while others have not (15, 17). 
Dogs have singularly been conaidered as possible reser- 
voirs of human infection since they ape frequently in 
oontact with man. Lainson (40) has reviewed the reports 
of human toxoplasmosis which were presumed t o  have 
originated from contact with diseaaed dogs. While 
auch reparts are intriguing, Janitschke (31 ) states 
that present day knowledge indicates these animale are 
of little importance epidemiologically. 
The three recognized means of trsnamission (con- 
genital, tissue cys t ,  aad fecal c y s t )  often cannot 
explain the incidence of infection in a given popula- 
tion. In all probability the process of i n f ec t i on  is 
a matter of the interaction of various factors some 
of  which may be unique t o  only one population. 
Factor8 affecting the incidence of toxoplasmal 
Infection in the Greater Orlando area were to be 
examined in t h i s  study; however, donor names could not 
be provided with most human samples thus eliminating 
t h i s  approach. 
The indirect fluorescent antibody t e s t  was found 
t o  be a quick and simple method for  deteotlng anti- 
Toxoplaema antibody. Problems asaociatsd with the 
rtoring and use of antigen slides wepe encountered, 
however. It was found that a l f d e a  stored undesgiicated 
at -20 C were not suitable for the t e s t  due t o  an 
apparent loas of the parasites rnexnbranal integrity. 
The perimeter of each Toxoplaema was no longer diatinct 
but rather appeared very porous. The storing o f  
f'reahly prepared slides derreicated at -20 C was found 
t o  be completely aatlsfaotory: no lose of membranal 
integrity was apparent. It was s l e o  observed that 
the continual refrigeration of slides throughout the 
procedure (excluding periods of incubation) provided 
far very discernible resulta upon examination. Positive 
reactions were brilliantly fluorescent while negative 
reaotions were nonfluorescent. The rapid batch 
method of conjugate preparation described by Calcagno 
e t  al. (4)  has proven t o  be an efficient procedure 
for preparing large quantities of FITC-labeled globulin 
for use in the Indirect fluorescent antibody test, 
The purpose of this investigation was to determine 
the roles played by various factors on human, canine, 
and fe l ine  toxoplaemal prevalence In the Grester 
Orlando area. Difficulties were encountered in 
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obtainlag amplee t o  t e a t ;  coaeequeatly, fewer subjects 
wbm swveyed than originally anticipated. The need 
for a atudy in th i s  area encompassing a greater number 
of human, csnlne, and fel ine aubJecte is clearly 
evident. It l e  hoped nevertheleee that the results of 
.this lnvestigatfon will be of value t o  o t h e r  investi- 
gators attempting t o  study the prevalence of Toxoplasma 
gondli, one oi the most ubiquitous of a l l  parasites. 
SUMMARY 
The prevalence of Toxoplasma antibody among Greater 
Orlando human, canine, and f e l i n e  populatiana was deter- 
'mined by means of the Indirect fluorescent antibody test .  
Overall infection rates of' 25$, 31.45, and 25% were 
observed among the humans, dogs, and cats, respectively. 
No statistically significant difference in the rate of  
human toxoplasmal infect ion was observed between males 
and females or Caucasians and Negroes. The frequency 
of seropoeitive bitches was significantly greater than 
the frequency of seropositive male dogs. N o  s t a t i s t i c a l -  
l y  elgnificant difference in the rate of canine toxo- 
plasma1 infect ion waa obaerved between house and field 
pets .  Dogs classified as field males were more fre- 
quently infected (at a eignificant level) than house 
? 
males and those c la s s i f i ed  as f ield bitches were more 
frequently infected (at a significant l e v e l )  than field 
males. No statietically significant difference in the 
rate of feline toxoplasmal infection was observed 
between males and females. 
The rapid batch method o f  conjugate preparation 
described by Calcagno e t  al. (4) hae proven to be an 
afttalent procedure for preparing large quantities 
o r  FITC-labeled globulin for uae in the i n d i ~ e c t  
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